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Abstract 

Bovine coronavirus (BCoV), a positive sense single-stranded RNA virus, is an important causative agent of neonatal diarrhoea in calves from 
beef and dairy cattle worldwide. The routine detection and diagnosis of BCoV have been mainly dependent on assays with low sensitivity. The 
aim of the present study was to develop and evaluate a semi-nested PCR (SN-PCR) to amplify a 251 bp fragment of BCoV N gene from fresh 
(n = 25) and frozen (n = 25) diarrhoeic faecal samples of naturally infected calves. To improve detection of BCoV in faecal samples by the SN-PCR 
an internal control was developed, and the results were compared with a conventional RT-PCR assay. The rates of positive samples by SN-PCR 
and RT-PCR were 24% (12/50) and 8% (4/50), respectively (A = 0.43). Only fresh samples were positive in RT-PCR while the SN-PCR detected 
BCoV in both fresh and frozen faecal samples. The sensitivity of SN-PCR was determined by 10-fold serial dilutions of the BCoV Kakegawa strain 
(HA titre: 256) that was detected until 10 -7 dilution. The specificity of the amplicons was assessed by restriction fragment length polymorphism 
and sequence analysis. The inclusion of an internal control provides a way to detect assay inhibition in faecal samples and failure of nucleic acid 
extraction that allow reduction of the number of false-negative results. 

© 2005 Elsevier B.V. All rights reserved. 
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1. Introduction 

The neonatal diarrhoea complex is one of the main causes 
of calf morbidity and mortality causing major economic losses 
in many dairy and beef herds. Diarrhoea in calves is considered 
a multifactorial disease. Several environmental, managemental, 
nutritional and physiological factors may occur either alone or 
in synergy with the different infectious agents such as enterotox¬ 
igenic Escherichia coli, Cryptosporidium sp., bovine group A 
rotavirus, calicivirus, torovirus and bovine coronavirus (BCoV) 
(Snodgrass et al., 1986; Duckmanton et al., 1998; Naciri et ah, 
1999; Van der Poel et ah, 2000). This emphasizes the difficul¬ 
ties in investigating and diagnosing the infectious aetiology of 
calf diarrhoea. Diarrhoea caused by BCoV is clinically impor¬ 
tant and the virus also infects the respiratory tract of cattle and 
has been associated with winter dysentery in adult cattle (Clark, 
1993; Saif, 1990). 
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BCoV is a member of the order Nidovirales, Coronaviridae 
family, that possesses a single-stranded, non-segmented RNA 
genome of positive polarity. The genome of coronaviruses is 
the largest among the RNA viruses, 26-30 kb long, and encodes 
a nested set of multiple subgenomic mRNAs during infection 
(Lai and Cavanagh, 1997). The virion contains five major struc¬ 
tural proteins: the nucleocapsid protein (N), the transmembrane 
protein (M), the hemaglutinin esterase protein (HE), the spike 
protein (S) and the small membrane protein (E). The N protein is 
a phosphoprotein of 50-60 kd that interacts with genomic RNA 
to form the viral nucleocapsid and may play a role in replication 
of viral RNA (Lapps et al., 1987; Clark, 1993). 

Electron microscopy (EM) may be used for the direct detec¬ 
tion of BCoV in faecal samples (Collins et al., 1987; Bulgin et 
al., 1989). However, due to the common presence of pleomor¬ 
phic membranous structures similar to the coronavirus it may be 
difficult to recognize BCoV by EM (Saif, 1990). Virus isolation 
in human rectal adenocarcinoma (HRT-18) cells is rarely used 
as a means of diagnosis because BCoV is difficult to isolate. 
Furthermore, virus isolation is a laborious method and requires 
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a long time to obtain conclusive results (Dea et al., 1980; Tahir et 
al., 1995; Kapil et al., 1996). The haemagglutination (HA) test, 
performed directly with the faecal samples must be carefully 
interpreted since the faeces contain non-specific haemagglu- 
tinins providing false-positive results. The presence of colostral 
IgGl and local IgA in faeces may also interfere with the HA 
results. The haemagglutination inhibition (HI) test is performed 
concurrently to improve the specificity of the HA test. Besides, 
another disadvantage of the HA/HI test is the need to main¬ 
tain mouse colonies as sources of the fresh erythrocytes that 
are required for this diagnostic test (Sato et al., 1977; Kapil 
et al., 1999). Enzyme-linked immunosorbent assays (ELISA) 
are probably the most widely used diagnostic test for BCoV 
although this test lacks sensitivity (Sato and Akashi, 1993; 
Tsunemitsu and Saif, 1995; Schoenthaler and Kapil, 1999; Silva 
et al., 1999). 

More sensitive tests are required to detect BCoV especially 
from faecal samples of calves at early or late stages of dis¬ 
ease when they have low levels of viral shedding. Specificity 
is equally important to avoid false positive results. 

Although BCoV has been established as an agent of diarrhoea 
in calves, its prevalence has been investigated to only a limited 
extend because of the diagnostic difficulties. However, more 
sensitive and specific tests for BCoV detection will permit more 
conclusive and larger epidemiological studies. 

A reverse transcription-polymerase chain reaction (RT-PCR) 
assay for amplification of BCoV RNA from faecal samples 
has been described and its sensitivity and specificity has been 
reported although the detection was performed only in clinical 
samples from experimentally inoculated calves (Tsunemtitsu et 
al., 1999; Cho et al., 2001). Studies that describe the develop¬ 
ment of RT-PCR for BCoV detection from naturally infected 
diarrhoeic calves are still sporadic. Besides, there are no com¬ 
parative studies on the ability of different primer sets to detect 
BCoV in clinical samples. Also, faeces remains the most difficult 
clinical sample for nucleic acid extraction and amplification due 
to the presence of PCR inhibitors that may yield false negative 
results (Monteiro et al., 1997). The use of an internal control in 
the PCR reaction has been most commonly applied to monitor 
and evaluate these failures, but this approach has not been used 
in assays for BCoV detection (Beld et al., 2004; Dingle et al., 
2004; Hoorfar et al., 2004). 

In this study we have developed a semi-nested PCR assay 
(SN-PCR) with an internal control to detect BCoV in faecal 
samples from naturally infected calves and have compared it 
with a RT-PCR assay previously described. 

2. Materials and methods 

2.1. Virus and cells 

The HRT-18 cells were grown in Dulbecco’s Modified 
Eagle’s Medium (D-MEM, Gibco BRL, USA), supplemented 
with 10% fetal bovine serum (FBS, Gibco BRL, USA), 55 p.g/ml 
gentamicine (Sigma Co., USA) and 2.5 pig/ml amphotericin B 
(Sigma Co., USA). The Kakegawa strain of BCoV was propa¬ 
gated in HRT-18 cells cultured in FBS free D-MEM and used 


in all standardization procedures of the RT-PCR and SN-PCR 
assays. 

2.2. Clinical samples 

Faecal samples from beef and dairy cattle herds were obtained 
from 50 calves up to 30 days old with signs of diarrhoea. Of the 
50 faecal specimens 25 were stored at — 20 °C for 2 years and 
the 25 remaining samples were fresh samples without previous 
freezing. Another 15 faecal samples from asymptomatic calves 
were included in this study as a control group. The samples were 
prepared either as 10 % (w/v) suspensions of solid (control) or 
semi-solid faeces in 0.01 M phosphate-buffered saline (PBS) 
pH 7.2 (137 mM NaCl; 3mM KC1; 8 mM Na 2 HP0 4 ; 15 mM 
KH 2 PO 4 ) or as 50% (v/v) suspensions of liquid faeces in 0.01 M 
PBS and centrifuged at 3000 x g for 15 min at 4 °C. The super¬ 
natants were used for RNA extraction. 

2.3. RNA extraction 

Aliquots of 400 pi from faecal suspensions were treated with 
SDS at a final concentration of 1% (v/v), homogenized by 
vortexing and kept at 56 °C for 30 min. For RNA extraction 
a combination of phenol/chloroform/isoamyl alcohol and sil- 
ica/guanidinium isothiocyanate methods was performed accord¬ 
ing to Barreiros et al. (2004) with slight modifications. Briefly, 
400 pi of phenol/chloroform/isoamyl alcohol (25:24:1) were 
added, vortexed and heated at 56 °C for 15 min (Sambrook et 
al., 1989). The mixture was centrifuged at 10,000 x g for 10 min 
and the supernatant was transferred into a new tube and pro¬ 
cessed by the silica/guanidinium isothiocyanate method (Boom 
et al., 1990). The RNA was eluted from the silica pellet with 
50 pi of ultrapure (MilliQ®) sterile water by 15 min incuba¬ 
tion at 56 °C and centrifugation at 10,000 x g for 10 min. The 
supernatant fraction was kept at —20 °C until use. Aliquots of 
ultrapure sterile water were included as negative controls in all 
the RNA extraction procedures. 

2.4. RT-PCR 

The RT-PCR was performed using the oligonucleotide 
primers upstream 5 , -GCCGATCAGTCCGACCAATC-3 / (nt 
79-98) and downstream 5'-AGAATGTCAGCCGGGGTAT-3' 
(nt 467^485) that amplify a 407 base pair (bp) fragment of the 
N gene of BCoV. The technique was carried out as described by 
Tsunemtitsu et al. (1999). 

2.5. SN-PCR 

For the SN-PCR assay we designed another primer set to 
detect BCoV from faecal samples. Nucleotide sequence data of 
BCoV strains were obtained from Entrez database (http://www. 
ncbi.nlm.nih.gov/Entrez/). For the design, sequence alignment 
and the preliminary evaluation of the primers used in this 
assay and for the restriction endonucleases selection used in 
the evaluation of the amplicon specificity the following soft¬ 
wares were used: Gene Runner Version 3.05 (Hastings Software 
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Inc., Hastings, NY) (http://www.generunner.com/), CLUSTAL 
W Multiple Sequence Alignment Program (http://www.ebi.ac. 
uk/clustalw/) (Thompson et al., 1997), and BLAST (http://www. 
ncbi.nlm.nih.gov/BLAST). The oligonucleotide primers were 
designed from the highly conserved region of the N gene 
of the Mebus strain (GenBank accession number U00735). 
The sequence of primers (positions calculated from the start 
codon of the N gene) were: BCoVl sense: 5'-CGATGA- 
GGCTATTCCGAC-S' (nt 504-521) and BCoV2 antisense: 5'- 
TGTGGGTGCGAGTTCTGC-3' (nt 940-957) for the PCR 
reaction; BCoV3 sense: 5'-TTGCTAGTCTTGTTCTGGC-3' 
(nt 707-725) and BCoV2 antisense for the SN-PCR reaction. 
The predicted PCR and SN-PCR products were 454 and 251 bp, 
respectively. 

To check the efficiency of the nucleic acid extrac¬ 
tion and amplification an internal control (BOV1 and 
BOV2 primers) was included for each reaction. BOV1: 5'- 
ATACGCCTTCATTACCAG-3 , (nt 12,231-12,248) andBOV2: 
5'-TTGAATGGAGTAGTGCTG-3' (nt 12,839-12,856) primers 
amplified a 626 bp fragment of the ND5 gene present in 
the bovine mitochondrial DNA (GenBank accession number 
NC 001567) (Wosiacki et al., 2005). The internal control was 
used in an individual reaction or in Multiplex-PCR together with 
BCoV 1 sense and BCoV2 antisense primers in the first round of 
the reaction (PCR). 

The reverse transcription (RT) reaction was performed with 
5 p.1 of extracted RNA and 1 p.1 of the primer BCoV2 antisense 
(20pmol) that was incubated at 97 °C for 4 min. Subsequently, 
it was placed on ice for 5 min and 10 p.1 of RT mix containing 
1 x RT buffer (50 mM Tris-HCl, pH 8.3, 3 mM MgCl 2 , 75 mM 
KC1), 0.1 mM of each dNTP (Invitrogen™ Life Technologies, 
USA), 10 mM DTT, 100 units of M-MLV Reverse Transcriptase 
(Invitrogen™ Life Technologies, USA) and ultrapure sterile 
water to a final volume of 20 p.1 were added and incubated 
at 42 °C for 30 min and followed by inactivation at 95 °C for 
5 min. 

For the first round of amplification, 8 p.1 of the RT reac¬ 
tion were added to 42 p.1 of the PCR mix consisting of 1.5 x 
PCR buffer (30 mM Tris-HCl pH 8.4 and 75 mM KC1), 2 mM 
MgCh, 0.2 mM of each dNTP, 1 p.1 (20pmol) of each primer 
(BCoVl sense/BCoV2 antisense and BOV1/BOV2 in single or 
multiplex reaction), 2.5 units Platinum Taq DNA polymerase 
(Invitrogen™ Life Technologies, USA) and ultrapure sterile 
water to a final volume of 50 p.1. The reaction was performed 
in a thermocycler (PTC-200, MJ Research Co. Water Town, 
MA, USA) with the following time and temperature conditions: 
one step of 4min/94°C; followed by 40 cycles of 1 min/94°C, 
1 min/55 °C, 1 min/72 °C and a final step of 7 min/72 °C. 

For the second round of amplification (SN-PCR) 3 p.1 of the 
first amplification product (PCR assay) were added to 47 p.1 of 
the SN-PCR mix containing 1 x PCR buffer (20 mM Tris-HCl 
pH 8.4 and 50mM KC1), 2 mM MgCL, 0.2 mM of each dNTP, 
1 p.1 (20pmol) of each SN-PCR primer (BCoV3 sense and 
BCoV2 antisense), 2.5 units of Platinum Taq DNA polymerase 
and ultrapure sterile water to a final volume of 50 p.1. The reac¬ 
tion was performed with the following time and temperature 
conditions: one step of 4min/94°C; followed by 30 cycles 


of 1 min/94 °C, 1 min/55 °C, 1 min/72 °C and a final step of 
7 min/72 °C. 

2.6. Analysis of RT-PCR and SN-PCR 

The products were analyzed by electrophoresis in a 2% 
agarose gel in TBE buffer pH 8.4 (89 mM Tris; 89 mM boric 
acid; 2mM EDTA), ethidium bromide (0.5 p,g/ml) stained and 
visualized under UV light. 

2.7. Restriction analysis 

The specificity of the SN-PCR amplicons from the first and 
second amplification rounds were firstly confirmed by restriction 
fragment length polymorphism (RFLP) with Hae III enzyme 
(Invitrogen™ Life Technologies, USA). The reaction was per¬ 
formed following the instructions of the manufacturer. 

2.8. DNA sequencing 

Amplicons from the first and second amplification round 
were purified by QIAquick PCR Purification Kit (Qiagen, USA) 
and sequenced in Mega Bace 1000/Automated 96 Capillary 
DNA Sequencer (Amersham Biosciences, UK). The quality of 
each sequence obtained was analyzed with Phred/Phrap/Consed 
(http://www.phrap.org/) software and the sequence similarity 
was checked against sequences deposited in the GenBank using 
the BLAST software. 

2.9. Sensitivity 

To assess the lowest detection limit of the SN-PCR the cell 
culture adapted BCoV Kakegawa strain (HA titre: 256) was 10- 
fold serially diluted in maintenance medium. RNA was extracted 
using the nucleic acid extraction method as mentioned earlier. 

2.10. Specificity 

For evaluation of the SN-PCR assay specificity faecal spec¬ 
imens were included containing enterotoxigenic E. coli (n = 5), 
bovine group A rotavirus («= 10) and Cryptosporidium sp. 
(n = 5), detected respectively, by bacteriological routine tests, 
polyacrylamide gel electrophoresis technique and modified 
Ziehl-Nielsen method. 

2.11. Statistical method 

The kappa statistic ( K) was calculated to evaluate the agree¬ 
ment between RT-PCR and SN-PCR systems. When K= 0 there 
is no agreement, K< 0.3 the agreement is poor, K between 0.3 
and 0.5 is acceptable, /^between 0.5 and 0.7 is good and K>0.1 
is excellent (Martin and Bonnet, 1987). 

3. Results 

Among the 50 diarrhoeic faecal samples included in this study 
the N gene of BCoV was detected in 4 (8%) samples by RT-PCR 
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(RT-PCR amplicon) 
407 bp - 


454 bp 


(First round amplicon) 


251 bp 


(Second round amplicon) 



Fig. 1. Amplification of bovine coronavirus (BCoV) N gene in faecal samples from naturally infected calves by RT-PCR (panel A) and by SN-PCR (panel B). The 
BCoV specific amplicons are indicated by arrows in the left margin. Lane M: 123 bp ladder (Invitrogen™ Life Technologies, USA); lane 1: positive control (BCoV 
Kakegawa strain); lanes 2-9: faecal samples from diarrhoeic calves; lane C: negative control. 


and in 12 (24%) samples by SN-PCR (K= 0.43). In fresh fae¬ 
cal samples (« = 25) the BCoV was detected in four samples 
by both, RT-PCR and SN-PCR in the first amplification round. 
No frozen faecal sample was BCoV positive by RT-PCR. How¬ 
ever, in the SN-PCR developed in this study eight frozen faecal 
samples (n = 25) were BCoV positive in the second amplifica¬ 
tion round (Fig. 1). No positive results were obtained in normal 
faecal samples from asymptomatic calves by either of the PCR 
assays. 


The specificity of SN-PCR amplicons from the hist and sec¬ 
ond amplification rounds of the BCoV Kakegawa strain and 
the clinical samples were confirmed by RFLP with the Hae III 
enzyme. The amplicons of 454 bp (first round) and 251 bp (sec¬ 
ond round) from SN-PCR yielded fragments of, respectively, 
366 and 88 bp, and 163 and 88 bp (Fig. 2). In addition, these 
amplicons were sequenced and submitted to BLAST analysis. 
Both techniques confirm that the 454 and 251 bp amplicons were 
BCoV specific. 



454 bp 
366 bp 

251 bp 
163 bp 

88 bp 


Fig. 2. Ethidium bromide stained agarose gel electrophoresis of restriction fragment length polymorphism (RFLP) with Hae III enzyme of BCoV N gene amplicons. 
Lane M: 123 bp ladder (Invitrogen™ Life Technologies, USA); lanes 1, 3, 5, 7 and 9: BCoV N gene SN-PCR amplicons; lanes 2, 4, 6, 8 and 10: RFLP of BCoV 
N gene SN-PCR amplicons digested with Hae III: lane 11: BCoV N gene first round amplicon; lane 12: RFLP of BCoV N gene first round amplicon digested with 
Hae III. Lanes 1-8, 11 and 12: diarrhoeic faeces from naturally infected calves; lanes 9 and 10: BCoV Kakegawa strain. 
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Fig. 3. Amplicon analysis by agarose gel electrophoresis of bovine coronavirus N gene (454 bp for first round and 251 bp for second round) and bovine mitochondrial 
ND5 gene (internal control, 626 bp) from bovine faecal samples analyzed by SN-PCR. Lane M: 123 bp ladder (Invitrogen™, Life Technologies, USA). Panel A: 
Faecal sample from asymptomatic (lanes 1-3, calf 55) and diarrhoeic (lanes 4-6, calf 17) calves. First round amplification with internal control primers (lanes 1 and 
4) and BCoV specific primers (lanes 2 and 5) in single reaction, and in multiplex reaction (lanes 3 and 6). Panel B: Faecal sample from diarrhoeic (lanes 7 and 8, calf 
15) and asymptomatic (lanes 9 and 10, calf 58) calves. Second round amplification in single reaction with BCoV specific primers (lanes 7 and 9) and in multiplex 
reaction with BCoV and internal control primers (lanes 8 and 10). 


The extracted RNA of the BCoV Kakegawa strain (HA 
titre: 256) was amplified by SN-PCR until 10 -7 dilution show¬ 
ing the sensitivity of the assay. No cross-reactivity was found 
when the SN-PCR was applied to faecal samples collected from 
calves with neonatal diarrhoea caused by enterotoxigenic E. coli, 
bovine group A rotavirus and Cryptosporidium sp. infections. 
No false positive or false negative results were observed in SN- 
PCR reactions with ultrapure sterile water or BCoV Kakegawa 
strain that were both included in all experiments. 

The internal control primers (BOV1 and BOV2) used in a 
multiplex reaction in the first amplification round of the SN- 
PCR, or separately in two reactions, yielded a specific 626 bp 
amplicon in all diarrhoeic faecal samples analyzed in this study 
(Fig. 3). 

4. Discussion 

To improve the detection rate of BCoV in diarrhoeic fecal 
samples from naturally infected calves we developed a SN-PCR 
assay with an internal control and compared with a RT-PCR 
already described. The agreement between the two assays was 
only acceptable (K = 0.43). We worked with previously diluted 
samples subjected to long-term storage in freezer and with fresh 
faecal samples to verify the sensitivity assay under of the storage 
conditions. There was agreement between the two PCR methods 
in the detection rate of BCoV in fresh samples. However, the RT- 
PCR assay failed to amplify BCoV in frozen faeces. Of the 25 
frozen samples the BCoV N gene could be detected in eight 
of them by the SN-PCR only. The employment of the second 
amplification round allowed a 200% increase in BCoV positive 
results in the samples included in this study. 

We can exclude the possibility that our positive results in the 
frozen faecal samples were the result of intersample contami¬ 
nation. Careful measures were adopted to avoid the carry-over 
risk. Negative and positive controls accompanied the clinical 
samples in all the steps (nucleic acid extraction, RT, PCR and 


SN-PCR) where each step was carried-out in separate rooms. 
Besides, all the positive results were reanalysed (nucleic acid 
extraction until SN-PCR procedures) including the controls and 
the normal faeces in the same run. 

A study by Van der Hoek et al. (1995), demonstrated that no 
appreciable loss in PCR signal was seen with long-term storage 
of faecal samples. They detected HIV RNA in faeces which had 
been stored for 9 years at —70°C by RT-PCR. Therefore, in a 
retrospective study, SN-PCR developed in this study might be 
useful to detect BCoV in stored samples. 

The three primers used in SN-PCR were designed from the 
published sequence of the N gene of the BCoV Mebus strain. 
Careful primer design can aid PCR optimization and improve 
greatly the assay (Butler et al., 2001). The SN-PCR primers pos¬ 
sess very similar melting temperatures, with only two degrees of 
difference between them. Furthermore, only one primer-dimer 
formation was noted. Also of importance is the target region of 
BCoV RNA to be amplified. We chose the N gene because it is 
highly conserved among BCoV strains. It was concluded that the 
N protein is the most abundant antigen in coronavirus-infected 
cells because its RNA template is the smallest and it has the 
most abundant sgRNA (subgenomic RNA) during transcription 
(Hiscox et al., 2001). This indicates that there is more available 
RNA for the N gene than for the other BCoV protein genes. Con¬ 
sequently, detection of the N gene RNA might be advantageous 
due to its high abundance in cells, facilitating a high sensitivity 
of the diagnostic technique. 

Tsunemtitsu et al. (1999) described the detection of BCoV 
RNA in faecal samples by RT-PCR and they also chose the N 
gene as target region for amplification. However, these authors 
worked with samples recently collected from experimentally 
inoculated adult cows while our BCoV positive results were 
obtained in faecal samples from calves with neonatal diar¬ 
rhoea by natural infection. We tested the primers designed by 
Tsunemtitsu et al. (1999) (RT-PCR) to compare the efficiency 
of the amplification in frozen and fresh samples from naturally 
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infected calves. Although it was efficient for amplification of 
the positive control (Kakegawa strain), the same was not noted 
for clinical samples. The presence of unspecific amplicons and 
smears or failure to amplify the expected product disabled the 
diagnostic use. No absolute rules could be established to predict 
the ability of a primer pair to faithfully amplify a specific gene. 
However, the difference in detection rate may be the result of 
primer design. Analysis of the RT-PCR primers disclosed dimers 
and internal loop formation, palindrome sequences and different 
melting temperatures between the primers that can be related to 
the bad quality of the amplified products. 

An adequate viral RNA extraction method is very impor¬ 
tant for molecular diagnosis. Four RNA extraction methods 
(TRIzol™, phenol/chloroform/isoamyl alcohol, guanidinium 
isothiocyanate, and a combination of phenol/chloroform/ 
isoamyl alcohol and silica/guanidinium isothiocyanate) were 
tested and compared for BCoV detection in faecal samples. SN- 
PCR detection rates after RNA extraction using the combination 
of phenol/chloroform/isoamyl alcohol and silica/guanidinium 
isothiocyanate methods were better than after other RNA 
extraction protocols (data not shown). The combination of 
phenol/chloroform/isoamyl alcohol and silica/guanidinium 
isothiocyanate methods was performed according to Barreiros 
et al. (2004) with slight modifications. Faecal samples remain 
the most difficult specimens for nucleic acid extraction and 
amplification due the presence of inhibitors (Monteiro et al., 
1997). Guanidinium isothiocyanate alone or in combination 
with phenol-chloroform inactivates ribonucleases and therefore 
improves the stability of the extracted RNA genome (Romero, 
1999). Van der Hoek et al. (1995), Hale et al. (1996), Rassol 
et al. (2002), Paula et al. (2003) also demonstrated that the 
guanidinium isothiocyanate method successfully removed 
inhibitors from faecal samples. 

An internal control was included in the SN-PCR reactions 
to avoid false-negative results due to the presence of PCR 
inhibitors. This is particularly critical for faecal samples, in 
which the presence of inhibitors might affect the amplification 
process. 

Epidemiological data on the frequency of BCoV occurring 
in South American livestock farms is very limited. In stud¬ 
ies conducted in France, Spain, Costa Rica and Britain, BCoV 
was detect by antigen-capture ELISA in 6.8%, 7.3%, 9% and 
14%, respectively (Reynolds et al., 1986; De la Fuente et al., 
1998; Perez et al., 1998; Naciri et al., 1999). However, the 
real frequency of the BCoV in neonatal calf diarrhoea out¬ 
breaks depends of the diagnostic technique. Cho et al. (2001) 
showed that nested PCR was 5000 times more sensitive than 
the antigen-capture ELISA. Therefore, the applicability of a 
sensitive technique such as PCR is fundamental to not under¬ 
estimating the real prevalence of BCoV. Cho et al. (2001) also 
described a second round of amplification with the same primers 
described by Tsunemtitsuet al. (1999). However, this primer pair 
was tested only in fresh samples from experimentally infected 
calves and without an internal control. 

We conclude that the SN-PCR described here is a useful tool 
for the diagnosis of BCoV in faeces from naturally infected 
calves. Differences in the ability to amplify and the characteris¬ 


tics of the PCR systems available for BCoV detection in clinical 
samples should be considered before use a test in future epi¬ 
demiological studies. The rate of 24% positive diarrhoeic faecal 
samples confirms that the BCoV is an important etiological agent 
of neonatal diarrhoea in dairy and beef Brazilian cattle herds. 
The availability of a sensitive and specific diagnostic technique 
such as the SN-PCR described in this work will make it possible 
to undertake larger epidemiological studies of BCoV involved 
in the neonatal calf diarrhoea aetiology. 
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